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57 ABSTRACT 
A system for maintaining in a folded position a set of 
elements that are hinged to one another and to a struc 
ture (e.g. solar panels on a spacecraft), which elements 
are capable of occupying either said folded position in 
which said elements form a stack, or else a deployed 
position in which said elements are in end-to-end align 
ment, said system comprising: 
a retaining member passing through said elements in 

the folded positive and connected by a first one of 
its ends to said structure and bearing via a second 
one of its ends against the outermost element of 
said set; 

locking means for locking said retaining member in 
the folded position of said elements; and 

control means for unlocking said locking means and 
releasing said retaining member, thereby enabling 
said set of elements to pass from the folded position 
to the deployed position. 

15 Claims, 4 Drawing Sheets 
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1. 

SYSTEM FOR MAINTAINING ASET OF 
DEPLOYABLE EEMENTS IN A FOLDED 

POSITION ON A SPACECRAFT 

FOLDED POSITION ON A SPACECRAFT 
The present invention relates to a system for main 

taining a set of deployable elements in a folded position, 
the elements being hinged to one another and to a struc 
ture. 10 

BACKGROUND OF THE INVENTION 

More particularly, but not exclusively, the system of 
the invention is intended for maintaining a set of solar 
panels in a folded position, the solar panels being fitted 
to spacecraft, such as artificial satellites, in particular. 
Thus, when in the folded position, the elements consti 
tute a zig-zag stack, whereas when in the deployed 
position, after the retaining system has been withdrawn, 
the said elements are in end-to-end alignment with one 
another and the element closest to the structure is 
hinged thereto. 
While a spacecraft is being launched by rocket or by 

space shuttle, these elements (which may be constituted 
by several square meters of solar panels) must be folded 
close together and pressed against the structure of said 
spacecraft and they must be maintained in that position 
throughout the launch phase and while being put into 
orbit. 

Suitable systems are used to keep the elements in the 
folded position and to allow the elements to be de 
ployed by remote control from Earth. 

In general, such maintaining systems comprise: 
a retaining member passing perpendicularly through 

said elements in the folded position, with a first end of 35 
the retaining member being connected to the structure 
of the spacecraft while its other end bears against the 
outermost element of said set; 
means for locking the retaining member in the folded 

position of said elements; and 
control means for unlocking said locking means and 

releasing said retaining member, thereby enabling said 
set of elements to pass from the folded position to the 
deployed position under the action, for example, of 
springs incorporated in the hinges. 

In the embodiment taught by patent Document FR 
A-2 443 383, the locking means of the maintaining sys 
tem comprise, in particular, a locking pin disposed per 
pendicularly to the retaining member and having one of 
its ends which is provided with a sloping surface engag- 50 
ing in a lateral notch formed near the first end of the 
retaining member, which notch is provided with a com 
plementary sloping surface. The retaining member and 
the locking pin are received in respective bores formed 
in a housing which is fixed to the structure of the space 
craft. In addition, releasable locking elements are asso 
ciated with the locking pin to prevent it being with 
drawn. When these locking elements are actuated, the 
locking pin responds to the action of a spring and disen 
gages from the retaining member, thereby releasing it 
and thus allowing the solar panels to pass to their de 
ployed position. 
However, this technical solution is not very satisfac 

tory mechanically and may fail to release the retaining 
member appropriately. The first end of the retaining 
member is maintained by the locking means in an asyn 
metrical manner and this may lead to the retaining 
member becoming mis-aligned on being released. In 
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2 
addition, contact both between the sloping surfaces of 
the locking pin and of the retaining member, and be 
tween the retaining member and the corresponding 
bore means that friction is high and runs the risk of 
preventing the retaining member being released. 
An object of the present invention is to remedy these 

drawbacks and to provide a system for maintaining a set 
of elements in a folded position, which system includes 
locking means of a design that guarantees the retaining 
member is properly released when the locking means 
are actuated. 

SUMMARY OF THE INVENTION 

To this end, the present invention provides a system 
for maintaining in a folded position a set of elements 
that are hinged to one another and to a structure (such 
as solar panels on a spacecraft), which elements are 
capable of occupying either said folded position in 
which said elements form a stack, or else a deployed 
position in which said elements are in end-to-end align 
ment, said system comprising: 
a retaining member passing through said elements in 

the folded position and connected by a first one of its 
ends to said structure and bearing via a second one of its 
ends against the outermost element of said set; 

locking means for locking said retaining member in 
the folded position of said elements; and 

control means for unlocking said locking means and 
releasing said retaining member, thereby enabling said 
set of elements to pass from the folded position to the 
deployed position; 

wherein said locking means comprise a plurality of 
balls regularly distributed around the first end of said 
retaining member and engaging in respective spherical 
depressions formed around said first end; and 
wherein said control means comprise a cam-forming 

piece coaxial with said retaining member and capable of 
occupying a first position in which said balls are urged 
with point contact by the cam-forming piece into the 
spherical depressions of said retaining member, thereby 
locking it, and a second position in which the balls are 
moved away from the spherical depressions of said 
retaining member, thereby releasing it. 
Thus, since the retaining member is maintained by a 

plurality of balls regularly distributed around its first 
end, it is released without hindrance when said balls are 
retracted simultaneously. In addition, the use of balls 
limits friction considerably since only point contacts are 
involved. 

In a preferred embodiment, two identical sets of n 
balls mounted in series are disposed diametrically oppo 
site each other about said retaining member with each 
set of balls cooperating, in the first position of the cam 
forming piece, with a respective one of opposite spheri 
cal depressions formed around said first end of the re 
taining member. 

Advantageously, said locking balls are housed in 
passages formed through a body which is fixed to said 
structure and in which the cam-forming piece and the 
first end of the retaining member are disposed, each of 
the passages opening out firstly facing said cam-forming 
piece and secondly facing the corresponding spherical 
depression. 

In this embodiment, the two sets of balls are received 
in two respective angled passages that are symmetrical 
to each other about the retaining member, such that, 
when the cam-forming piece is in its first position, the 
first ball of each set being in point contact with the 
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cam-forming piece in a direction parallel to the retain 
ing member, while the last ball in each set is pressed 
against the corresponding spherical depression in a 
direction radial to the retaining member. 

Preferably, said cam-forming piece is cylindrical in 
shape with one of its transverse faces orthogonal to the 
retaining member being provided with regularly 
spaced-apart notches, said locking balls being pressed 
against said transverse face when the cam-forming piece 
is in its first position, and when said cam-forming piece 
is controlled to rotate to pass from its first position to its 
second position, said balls withdraw simultaneously to 
be received in said notches, thereby releasing said re 
taining member. The arc length of each notch should 
then corresponds to not less than the sum of the diame 
ters of each set of balls. 

In addition, said control means may further include a 
torsion spring connected to said cam-forming piece and 
to said structure, and a pin fixed radially to said cam 
forming piece and connected to the structure via con 
trollable rupture means. Thus, when the rupture means, 
e.g. of the explosive type, are actuated, the initially 
prestressed torsion spring expands and causes the cam 
forming piece to rotate so that it moves from its first 
position to its second position, thereby simultaneously 
moving the balls away from said spherical depressions 
and causing them to be received in the notches of the 
cam, thus releasing the retaining member which is itself 
urged outwards by driving resilient means. As a result, 
the solar panels in turn pass from their folded position to 
their deployed position, e.g. under the action of springs 
incorporated in their hinges. 

Advantageously, in order to facilitate rotation of the 
cam-forming piece and to reduce the force required for 
unlocking, the can-forming piece is itself mounted to 
rotate on a ball abutment, in which case said ball abut 
ment co-operates with the other transverse face of said 
can-forming piece opposite to its face having said 
notches. In addition, said spherical depressions are pro 
vided on an endpiece applied to the first end of said 
retaining member. 
The means for adjusting the position of the balls in 

the passages may be provided on said body. Advanta 
geously, said adjustment means are constituted by a 
plurality of screws engaging the body and intended to 
bear on the balls, two of said screws disposed orthogo 
nally to each other acting respectively in a radial direc 
tion and in an axial direction relative to the retaining 
member on that one of the balls in each set of balls 
which is situated at the angle in the corresponding an 
gled passage, in such a manner as to ensure that the balls 
in each set of balls make point contacts with one an 
other. 

Further, since the dimensions of the solar panels may 

10 

15 

20 

25 

30 

35 

45 

50 

be large, it may be necessary to provide a plurality of 55 
systems for maintaining said panels in the folded posi 
tion. 
To this end, the present invention also provides a set 

of systems of the type defined above distributed over 
said structure to maintain said elements (such as solar 
panels on a spacecraft), wherein the control means for 
controlling the locking means of said systems are associ 
ated with one another by at least one cable connected to 
the structure and including rupture means. 

Advantageously, said cable is connected to each of 65 
the pins of said systems in such a manner that when said 
cable is ruptured under the action of the rupture means, 
the torsion springs of said systems rotate the cam-form 

4. 
ing pieces simultaneously, causing the balls to move 
away from the spherical depressions formed in said 
retaining members. 

It may be observed that by using a cable to actuate 
the set of systems, a single explosive device suffices as 
rupture means. 

Preferably, two groups of systems are provided on 
said structure for maintaining said elements in position, 
each group being controlled by a respective cable, one 
end of each of said cables being connected to a common 
cable on which said rupture means are disposed, while 
the other ends of said cables are connected to said struc 
ture via respective traction springs. 
Thus, when said common cable is ruptured, the trac 

tion springs participate in rotating the cam-forming 
pieces and provide redundancy with the torsion springs. 
BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention is described by way 
of example with reference to the accompanying draw 
ings, in which: 

FIG. 1 is a diagram of an artificial satellite fitted with 
two sets of solar panels held in the folded position by 
maintaining systems of the invention; 
FIG. 2 is a longitudinal section through a preferred 

embodiment of the system of the invention shown in a 
first position in which the retaining member of said 
system is locked and holds said solar panels in the folded 
position; 

FIGS. 3 and 4 are sections through said system on 
lines III-III and IV-IV respectively of FIG. 2; 
FIG. 5 is a perspective view of the cam-forming piece 

of said system; 
FIG. 6 is a diagrammatic plan view of a set of main 

taining systems for holding solar panels in the folded 
position; 

FIG. 7 is a section similar to FIG. 2 and correspond 
ing to one of the systems of FIG. 6, shown in a second 
position where the retaining member has been released, 
thereby allowing the solar panels to pass from the 
folded position to the deployed position; and 

FIG. 8 is a section through said system on line VIII 
-VIII of FIG. 7. 

In the above figures, similar items are designated by 
identical references. 

MORE DETALED DESCRIPTION 

The artificial satellite 1 shown in FIG. 1 is fitted, for 
example, with two identical sets 2 of solar panels 3A, 
3B, 3C, and 3D, each set 2 of panels occupying a zig-zag 
folded position relative to the structure 4 of the satellite 
and being locked in this position by at least one main 
taining system 5 of the invention. 
The innermost panel 3A of each set 2 is rotatably 

connected to the structure 4 of the satellite 1 by a hinge 
6, and the panels 3A, 3B, 3C, and 3D are themselves 
connected to one another by hinges 7. The solar panels 
are provided on one of their faces with solar cells (not 
shown) such that when the panels of said sets are in the 
deployed position in end-to-end alignment after the 
maintaining systems 5 have been unlocked (as shown in 
dot-dashed lines in FIG. 1), the solar cells face towards 
the sun. 
As shown in FIG. 2, each maintaining system 5 com 

prises: 
a retaining member 8 passing perpendicularly 

through the panels 3A, 3B, 3C, and 3D in the folded 
position and connected at a first one of its ends 8A to 
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the structure 4 of the satellite 1 while its second end 8B 
(FIG. 1) bears against the outermost solar panel 3D of 
the corresponding set 2, thus maintaining the panels 
pressed against one another; 

locking means 10 for locking the member 8 so that it 
retains said panels in the folded position; and 

control means 11 for unlocking the locking means 10 
and thus releasing the retaining member 8, thereby en 
abling each set of solar panels to pass from the folded 
position to the deployed position, e.g. under the action 
of springs incorporated in the hinges 7 and not shown 
specifically. 

In accordance with the invention, the locking means 
10 comprise balls 12 regularly distributed around the 
retaining member 8 and engaging in respective spheri 
cal depressions 14 formed, in this embodiment, in an 
endpiece 15 which extends the first end 8A of the retain 
ing member 8 by being screwed thereon. The control 
means 11 then include, in particular, a cam-forming 
piece 16 disposed coaxially with said retaining member 
and suitable for occupying either a first position as 
shown in FIG. 2 in which the balls 12 are urged by the 
piece 16 into the spherical depressions 14 via point 
contacts, thereby locking the retaining member, or else 
a second position in which the balls 12 are at a distance 
from the spherical depressions 14, thereby releasing the 
retaining member 8 (as shown in FIGS. 7 and 8). 

In the embodiment shown in FIGS. 2 and 3, two 
identical sets of three balls each 2a, 12b, and 12c are 
disposed diametrically opposite each other about the 
retaining member 8. It can thus be seen in these figures 
that the balls 12c cooperate with two spherical depres 
sions 14 formed on opposite sides of the endpiece 15 
which is screwed to the first end of the member 8. 
These balls 12c are urged by point contacts into the 
depressions by the intermediate balls 12b which are in 
turn urged by point contacts by the balls 12a which are 
themselves in contact with the cam-forming piece 16. 
The sets of balls are received in respective passages 

17 formed in a body 18 which is generally circularly 
symmetrical and which is fixed to the structure 4 of the 
satellite by screws 19. The endpiece 15 extending the 
retaining member 8 is inserted into a bore 18A lying on 
the axis 20 of the body 18, while the cam-forming piece 
16 which is generally annular in shape is rotatably re 
ceived in a cylindrical cavity 18B provided about the 
axis 20 in the body 18. In the embodiment shown in 
FIG. 2, both passages 17 are angled, being disposed 
symmetrically about the axis 20 of the body 18 on which 
the retaining member 8 lies when in this position. The 
two angled passages 17 open out firstly looking at the 
spherical depressions 14 provided in the endpiece 15, 
and secondly looking at one (16A) of the transverse 
faces of the piece 16. In FIG. 2, it can thus be seen that 
the first ball each set makes point contact with the trans 
verse face 16A of the piece 16 in a direction parallel to 
the retaining member, i.e. corresponding to the axis 20, 
whereas the third ball 12c of each set bears against the 
corresponding spherical depression 14 in a radial direc 
tion relative to the retaining member, i.e. perpendicu 
larly to the axis 20. The second ball 1.2b or intermediate 
ball in each set disposed at the angle in the angled pas 
sage makes contact with the first and third balls 12a and 
12c under the control of adjustment means which are 
described below. 
The cam-forming piece 16 shown more particularly 

in FIG. 5 is provided with two notches 16B formed in 
its transverse face. The notches 16B are arcuate in shape 
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6 
and are disposed symmetrically to each other about the 
axis of the circularly symmetrical cam-forming piece 
16. Their points of contact with the first balls 12a when 
the piece 16 is in its first position are referenced P. 

It will thus be understood that by rotating the piece 
16 in the direction of arrow F, thus moving it from its 
first position towards its second position, said balls may 
be received simultaneously in the notches 16B, thereby 
releasing the retaining member 8. The arc length of 
each notch corresponds to not less than the sun of the 
diameters of each set of balls. 

In order to rotate the piece 16 and move it from its 
first position to its second position, the control means 11 
include, in addition to the piece 16, a prestressed torsion 
spring 21 having one of its ends connected to the body 
18 and its other end connected to the piece 16, and a pin 
22 fixed to the piece 16 and projecting radially from the 
body 18 and connected to the structure 4 via remotely 
controllable rupture means 23 which are described be 
low. 
More particularly, FIG. 2 shows a blind hole 18C 

formed radially in the side wall 18D delimiting the 
cylindrical cavity 18B of the body 18, with the blind 
hole receiving one of the ends of the torsion spring 21 
whose other end is engaged in a blind hole 16C formed 
in the transverse face 16D of the piece 16 opposite to its 
transverse face receiving the balls 12. The pin 22 is 
screwed into a tapped hole 16E extending radially from 
the periphery of the cam-forming annular piece 16 and 
passes radially through a slot 18K provided through the 
body 18. 

In addition, in order to facilitate rotation of the cam 
forming piece 16, it is rotatably mounted on a ball abut 
ment 24 which is disposed in a recess 18F formed in the 
transverse face 16D of the piece 16 and which is main 
tained therein by a screw 25 engaging in a tapped hole 
18G of the body 18. 
Means are provided for adjusting the positions of the 

balls in their respective passages 17. Thus, FIG.2 shows 
two screws 26 received in opposite radial tapped holes 
18H in the body 18 and serving to act radially relative to 
the retaining member on respective ones of the balls 12b 
located at the angles in the respective passages, thereby 
ensuring point contact between the balls 12b and 12c in 
each set and adjusting the engagement of the balls 12c in 
the depressions. In addition, FIGS. 2 and 4 show two 
excentric screws 27 extending transversely in respective 
orifices 18J in the body and also acting on the interme 
diate balls 12b, this time in a direction parallel to the 
retaining member for the purpose of ensuring point 
contact between the balls 12b and 12a in each set. Lock 
screws 28 hold the excentric screws 27 in the desired 
positions. The screw 25 holding the abutment 24 against 
the piece 16 also positions said piece axially, thereby 
positioning the balls in the passages. 
Thus, by means of these various adjustment screws, 

the balls in each set are maintained in point contact with 
one another and with the corresponding depression 14 
and with the transverse face 16A of the piece 16, while 
also ensuring certain and reliable evacuation of the sets 
of balls into the respective notches when the cam-form 
ing piece passes from its first position to its second posi 
tion. 

In addition, when a satellite is fitted with solar panels 
of large dimensions, it is necessary to provide a set of 
systems for maintaining the panels in the folded posi 
tion. 
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Thus, as shown diagrammatically in FIG. 6, six sys 
terms of the invention may advantageously be mounted 
on the structure 4 of the satellite to lock each set of 
panels. 

In this embodiment, the six systems are distributed in 
two groups of three. 
Three systems 5 have their pins 22 interconnected by 

a cable 30A. Similarly, three systems 5 have their pins 
22 interconnected by means of a cable 30B. One end of 
each of the cables 30A and 30B is connected to one end 
of a common cable 31 whose other end is fixed to the 
structure 4. The common cable has the rupture means 
23 fitted thereto, which rupture means may be consti 
tuted in this case by two conventional explosive de 
vices. The other two ends of the cables 30A and 30B are 
connected to the structure 4 of the satellite by means of 
respective traction springs 32. The cables 30A and 30B 
are guided around pulleys 33, as is the cable 31, thereby 
maintaining them under tension. 

In this application, the set of systems 5 of the inven 
tion operates as follows. Once the satellite 1 has been 
put into orbit, the explosive devices 23 are actuated, 
thereby rupturing the common cable 31 and conse 
quently releasing the cables 30A and 30B which are 
connected to the cable 31. At this moment, in each 
group of systems 5, the initially prestressed torsion 
springs 21 connected to the cam-forming pieces 16 fixed 
to the pins 21 relax spontaneously, thereby simulta 
neously pivoting the rotary pieces 16 and the pins 22 in 
their respective slots. As a result, the balls 12a, 2b, and 
12c in each set move out from the angled passages 17 
and are received in the notches 16B under drive from 
the retaining members 8 which are urged outwardly by 
conventional driving resilient means (not shown). 

Simultaneously, the sets of solar panels deploy spon 
taneously under the action of the springs incorporated 
in their hinges. 

FIGS. 7 and 8 show the second position of the cam 
forming piece in one of the maintaining systems after 
the explosive, devices have been actuated. The initial 
position of the retaining member 8 is shown in dot 
dashed lines and solid lines show a position that it occu 
pies fleetingly in direction F1 under drive from the 
driving resilient means and after the balls 12 received in 
the notches 16B of the piece 16 have moved away. 

It may also be observed that the traction springs 32 
participate with the torsion springs 21 in pivoting the 
cam-forming pieces since they pull on the pins via the 
cables 30A and 30B. 

I claim: 
1. A system for maintaining in a folded position a set 

of elements that are hinged to one another and to a 
structure (such as solar panels on a spacecraft), which 
elements are capable of occupying either said folded 
position in which said elements form a stack, or else a 
deployed position in which said elements are in end-to 
end alignment, said system comprising: 
a retaining member passing through said elements in 

the folded position and connected by a first one of 
its ends to said structure and bearing via a second 
one of its ends against the outermost element of 
said set; 

locking means for locking said retaining member in 
the folded position of said element; and 

control means for unlocking said locking means and 
releasing said retaining member, thereby enabling 
said set of elements to pass from the folded position 
to the deployed position; 
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8 
wherein said locking means comprise a plurality of 

balls regularly distributed around the first end of 
said retaining member and engaging in respective 
spherical depressions formed around said first end; 
and 

wherein said control means comprise a can-forming 
piece coaxial with said retaining member and capa 
ble of occupying a first position in which said balls 
are urged with point contact by the cam-forming 
piece into the spherical depressions of said retain 
ing member, thereby locking it, and a second posi 
tion in which the balls are moved away from the 
spherical depressions of said retaining member, 
thereby releasing it. 

2. A system according to claim 1, in which two iden 
tical sets of n balls mounted in series are disposed dia 
metrically opposite each other about said retaining 
member with each set of balls co-operating, in the first 
position of the can-forming piece, with a respective one 
of opposite spherical depressions formed around said 
first end of the retaining member. 

3. A system according to claim 1, wherein said lock 
ing balls are housed in passages formed through a body 
which is fixed to said structure and in which the cam 
forming piece and the first end of the retaining member 
are disposed, each of the passages opening out firstly 
facing said cam-forming piece and secondly facing the 
corresponding spherical depression. 

4. A system according to claim 2, wherein the two 
sets of balls are received in two respective angled pas 
sages that are symmetrical to each other about the re 
taining member, such that, when the cam-forming piece 
is in its first position, the first ball of each set being in 
point contact with the cam-forming piece in a direction 
parallel to the retaining member, while the last ball in 
each set is pressed against the corresponding spherical 
depression in a direction radial to the retaining member. 

5. A system according to claim 1, wherein said cam 
forming piece is cylindrical in shape with one of its 
transverse faces orthogonal to the retaining member 
being provided with regularly spaced-apart notches, 
said locking balls being pressed against said transverse 
face when the cam-forming piece is in its first position, 
and when said cam-forming piece is controlled to rotate 
to pass from its first position to its second position, said 
balls withdraw simultaneously to be received in said 
notches, thereby releasing said retaining member. 

6. A system according to claim 5, wherein the arc 
length of each notch corresponds to not less than the 
sum of the diameters of each set of balls. 

7. A system according to claim 1, wherein said con 
trol means further include a torsion spring connected to 
said cam-forming piece and to said structure, and a pin 
fixed radially to said cam-forming piece and connected 
to the structure via controllable rupture means. 

8. A system according to claim 1, wherein said cam 
forming piece is mounted to rotate on a ball abutment. 

9. A system according to claim 8, wherein said ball 
abutment co-operates with the other transverse face of 
said cam-forming piece opposite to its face having said 
notches. 

10. A system according to claim 1, wherein said 
spherical depressions are provided on an endpiece ap 
plied to the first end of said retaining member. 

11. A system according to claim 3, wherein adjust 
ment means are provided on said body for adjusting the 
positions of the balls in the passages. 
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12. A system according to claim 11, wherein said 

adjustment means are constituted by a plurality of 
screws engaging the body and intended to bear on the 
balls, two of said screws disposed orthogonally to each 
other acting respectively in a radial direction and in an 
axial direction relative to the retaining member on that 
one of the balls in each set of balls which is situated at 
the angle in the corresponding angled passage, in such a 
manner as to ensure that the balls in each set of balls 
make point contacts with one another. 

13. A set of systems as defined in claim 1, distributed 
over said structure to maintain said elements (such as 
solar panels on a spacecraft), wherein the control means 
for controlling the locking means of said systems are 

10 

10 
14. A set according to claim 13, wherein said cable is 

connected to each of the pins of said systems in such a 
manner that when said cable is ruptured under the ac 
tion of the rupture means, the torsion springs of said 
systems rotate the cam-forming pieces simultaneously, 
causing the balls to move away from the spherical de 
pressions formed in said retaining members. 

15. A set according to claim 13, wherein two groups 
of systems are provided on said structure for maintain 
ing said elements in position, each group being con 
trolled by a respective cable, one end of each of said 
cables being connected to a common cable on which 
said rupture means are disposed, while the other ends of 
said cables are connected to said structure via respec 

associated with one another by at least one cable con- 15 tive traction springs. 
nected to the structure and including rupture means. 
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